NASA TT F-8258

N5 22608

< .

(Accsss‘ro?;mssm f ] /

FACILITY FORM 602

(PAGES) (673

EGORY)
(NASA CR OR TMX OR AD NUMBER) {CAT

THE PROMINENT POLAR AURCRA OF 11 FEBRUARY 1958

by L. S. Yevlashin

GPO PRICE $

OTS PRICE(S) $

‘ Hard copy (HC) _,‘é/; /l/g r

Microfiche (MF)

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON JULY 1962




DRAFT TRANSLATION NASA TT F-8258

JUL 1 61962

THE PROMINENT POLAR AURORA OF 11 FEBRUARY 1958

(Vydayushchevesya polyarnoye siyaniye 11, II.1958 g.)

Geonagnetizm i Aeronomiva by L, S. Yevlashin
Tom II, Wo.l, 74 —=178,
Izd-vo A.N.SSSR, 1962,

The type A-red color aurorae constitute a relatively
rare phenomenon in the polar aurora zone (Murnansk station),
even in the year of solar activity maximum, by comparison with
their observations at lower latitudes or near the polar zone
itself [1]. It is generally well known that such aurorae are due
to enhancement of red oxygen lines A 6300~ 6364 A relative to the
green line, The increase in intensity of the lines 1 PG Np in the
type A red aurorae does not correspond to reslity. In spectra
obtained with the aid of a C-180~S camera with a ten-minute expo-
sure, the first positive nitrogen system is never revealed in
such type oi glows.

To the contrary, correlating with the green oxygen line
A 55773, the lines l]M}Ng'may have a significant intensity.

In the case when the red glow is observed in twilight, i.e., when
it is in the sunlit region, an anomelous development of lines

1 IK}Né+ rotational structure takes place, which is noticeable even
in the C=-180-5 spectra with a 50 3 resolution. When the ratio

1 ) 6300 A/I 2 5577 A,}?,-‘hydrogen enission 1s never observed in the red
slovs [£3].

Among red glows of the A-type the aurora of 11 Feb. 1958,
grandioze in its scale and brightness, and observed in the grecater
vart of our planet, occupies a particular svot. Although all basic
laws inherent to type-A red cslows are here fully precserved, it

deserves a specicl attention
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attention, for no similer phenomena vere observed in the Iiurmansk
region since the bveginning of IGY till the precent time.

There are published works devoted to the 11 February 19538
aurora. Thus, for exanmple, numerous spectrogravhic and vhotometric
investigations of various phases of the aurora carried out at low
latitudes, have been described in references [4 — 8], . series of
interesting papers were zlso deveoted to anaslysis of that aurora
accorcing to observetions made near the zone of polar aurorae [9-—]JJ
However the observation time encomﬁééses in this case the fundamental
Vand the final stage of the aurora.

In HMurmansk, per contra, it was possible to register only
the initial phase of that aurora ( 0L 00 to 0500 hours GMT on 11 Feb.,.
1953), for the sunrise prevented iés furtiher observation. The current
work is vrecisely devoted to the analysis of that material.

60 spectra with 2, 10 and 12 minute exposures were obtained
during the night from 10 to 11 February with the aid of a C-1380~3
spectral camera with a 5OK resclution, it the beginning green glow
of mecium intensity was noted, but its pvhotogranhing wes at tiuwes
prevented by blizzards. On account oi that, an insignificant .ort
of the slit resulted o»lugzged by a dense snow crust, and the south-
ern parcel of the sky (0= 45°) thus failed to register in all the
spectra.

-Only 37 spectra had direct bearing on the investigated aurcra,
They were obtained between 23 3% and O4 57 hours GMNT'. The C-180 and CZ
photograrhic cameras began their operation only sometime after 02 08
hours, thus unfortunately the whole sequence of aurora development
could not be followed with their help. The processing of the available
cameras C-180 and CZ material attests to the fact that the intensi-
ty of all sky glow was exceedingly high and that separate forms of
the aurors went unnoticed even on clichés with a S~second exposure.

The results of film photometry are brought out in Fig.1l
next page. The glow intensity of the 11 I'eb.1958 aurora is here juxta-
posed with the brightness of the pure twilight sky at zenith during
the morning of 16— 17 February 1958).



As may be seen, the glow intensity exceeds by 2 t6 3 times
the brightness of the pure twilight sky, even during the less bright
phase of aurora development, when the Sun's zenithal angle is 99°,

i. e. when all the atmosphere about 80 km is illuiinated.
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Because of an exceptionally hich total brightness of the
whole sky, spectra obtained with 10 to l2-minute exposures by the
C-180-3 cameras, had a very high background level, making the line
photonetry extremely difficult.

Comparison of separate development stages of the aurora
with geomagnetic field variations shows that the surora was attended
by a strong magnetic disturbance., However, while the 11 Feb,1958
aurora has no equal for the whole 13957 — 1961 veriod, geomagnetic
disturbances of such charzcter are rather often observed in liurmesnsk
(ahout once to twice a month)., Although the basic phese of the geo~
magnetic disturbance commenced suduenly at Ol 25 hours GMT on 11 Feb.
1958, the aurora developed gradually.

Having appeared in the jorth at 23 30 hours, it had filled
the wholéfgy 0l 20 hours. At 02 08 hours, bright-green lines were
observed t6 the Horth, while red-green glow was noted near the zenith,
By 0214 hours a corona made of red and green rays had formed, and

radiant bands apleared in various parts of the sky. At 0223 hours



the seame corona still was there, while red glow extended from west

to east forming a broad band. To the south - a red glow, and green
rays covering the vhole sky. The visual brightness of the whole auro-~
ra reached the &4 mark. 4 bright red band appeared at the zenith

at 0312 hours, after a temporary decrecase in intensity having begun
at 02 45 hours, reaching merk 2 at 03 00 hours. Then a strong red
light diffusion was noted, which continued till sunrise, covering the
whole of the sky.

The results of camera C-180shot photometry have shown that
the luminescence intensity during observations varied insignificantly,
while a sharp drop of general visual brightness from mark 4 in night-
time to mark 2 by morining could be noted de visu. Such inconsistency
is easily explained by the fact that red glow predominated toward
morning, to which the eye sensitivity is substantially weaker,

As was already noted, 357 spectra were obtained with the aid

~of the C-1380-8 spectral camera of that unusually strong glow.

Presented are in rig.2 a— @ specimens of svectra related to
three different stages of aurora developrent. Even a sinple cowmpari-
son of spectra attests to the different character of the aurora obser-
ved at those stages, If the usual spectrum was obtained in the ini-
tial period (0009 hours), wiich is characteristic of a ctendard auro-
ra, the sccond ( Ol 45 hours) and the third (04 09 hours) were substan-
tially different., Particularly strong A 6300, 5577 1 lines, 1 NGNéF
bands, and also NITAS5000 A, HpA4861 &,[NI) X 5200 & euiscions,
may be noted in IMig, 2 § ( see next page). Finally, a peculiarity of
Fig.2 8 is the predomination of the line X 6300 &4 over A 5577 A,
the disappearance of A 4861 and 5000 A emissions, the enhancement of
the line A 5200 & and the development of the oscillating-rotating
structure of the bands 1NGNy .

Precented are in IMig. 5 the results of photometry of polar
aurora basic emis:ions according to the 37 spectra. In view of the
fact that the intensity distribution along the sky is practically

identical for all emisszions, exccpt A 4361, 5000 and 5200 K, the
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measurenent was conducted only at the zenith, Flotted is in ordi-

.

nate axiis the intensity logarithm, vhile GUT i=s in abscissa,
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The same results are plotted

in Fige. 4, account being tzken of the
baciground, Since the backrround in-
tensity in spectra is of the same
order than thet of intensity of the
lines themselves, no significant
value should be imparted to separate
results of nmeesurernents. Both graphs
give only a representation of the
general character of development of
separate aurora enissions, and on the
redistribution of glow power in the
spectrur as the aurora develovs,
Presented are in Fig. 5the results

of photometry of basic zlow lines

by spectra with 2-minute exnosure,
The backszround Veiue here does not
exceed 10 percent of the intensity of
measured lines, and that is why the
photometry precision is relatively
hich,

Ty examining these graphs,
one may reveal certain essential pe-
culiarities of the initial phase
of 11 eb,1958 aurora dynamics.

Being enhanced at the outset
of the aurora, the green line )\55773
wealkens sisgnificantly toward the end
of the observation, wvhile the red
oxygen lines cradually increased their

intensity,



The hydrogen ewmission IIP appeared at Ol 30 hours, reaching
its maximum near 02 QO hours, when the intensity of lines ) 5577 &
and X 6300 A were egual, and

1§1a
afterwvard its intensity be - 46

gan to drop gradually. ( Hy 2ol

was noted during thet night
03 . . ﬂ -

from time to time already in 4

evening hours). The character me

of the spatial distribution
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of HP during the time of ob-

servations is indicated in A A A S
Tig. 6. Having appeared at Fige 5
i h 7 c T 1yl . ,‘
once in the whole sky HP UUQ_ AHMf/’?kg*
progressively shifted toward M /‘ v
. . ’ A 5577
the North in the morning, T «(’
R A
when the A 6300 A intensity A
exceeded significantly that wp Y e T S
° ’ -4) 106N, Auggl ASO00 5
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Similarly the beha- 3% ¥ ot MGMTHZ 0
vior of the allowed nitrogen o L
R Fige
emiszion is A 5000 A, while .
o L1 A4 ° d
the forbidden line [N A 5200 A i, Aban0hx
: P
has another variation character, simi- 10l r)yy» :
lar to that of red oxyszen lines. 4s to Assrr
N a
the bands of the first positive nitro- 4o 'sﬁf
gen system, nothing more specific can n
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be said besides the fact that their in- EMT oo

tensity increases at the outset of the rize 5

aurora, on account of the presence in
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the red resion of the spectrum of an ;?ﬁ‘ g E 78
exceptionally strong backzground. The céF iig E.E E 'y
intensity measurement of line's M\391L A T GMfﬂﬁ o
edge in various spectra atitesty to the
Fig. 6

fact that its intensity follows the va-

. : o . . A - + .
riation of the green line., The peculiarities of band 1IGN, vari-




variations consist in the appearance of a high oscillating-rotating
excitation at the end of the night, which developed as the intensity
of red oxygen lines increased. This refers particularly to the time,
when the line A 6300 K intensity increased sharply by comparison
with the line A 5577 i. Because of the fact that the resolving capa-
bility of the C-180-S camera is not great, one may only speak of
the aggregate effect of the oscillating-rotating band 1 NGNg'enhan~
cement.

An anomalous developument of the oscillating-rotating struc—
ture of the linf A 5278 & (0—1)is clearly visible in Fig, 7, which
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attests about the excitation temperature increase to several thousand
degrees. Since the phenomenon took place in morning hours, tiere is

ground to believe, that the solar wave emission contributes substan-

tially to the observed effect, :
: o The riation of intensity cor-
/'q TAGRS2A o Ve ° J cor
T TAGI09A ‘Ao

reletion between the lines 1NGN5 4709 R
(0—2) and A 4652 A (1— 3) is evidence

of the gradual increzse of the oscilla-

1.0
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ting tenperature,

Presented is in Fig. 8 the inten-
¥iz. 8 sity variation of the line A\ L&52 A rela-
tive to L4709, as the aurora develops. In the initial stage this ratio
was small (0.60), which correcsponds to the excitation temperature of

normal aurora (hundreds of degrees), while toward morning it notably
v



exceeded the unity, which in all probability mey be linked with
the significant increase of the osciliation tewperature (thousands
of degrees).

The xamined peculiarities of the abnornally strong polar
aurora of 11 February 1958, observed in a great altitude range,
attests to the fact that it was apiarently caused by a stream of

corpuscules of exceptionally high density, whose mean energy,however,

kxx%% THY BEND sx**

Polar Geovhysical Institute Intered on
of the Xol'sk Subsidiary 16 ilovember 1901.
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